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Osteoarthritis (OA) is the most common arthropathy of the knee joint1. Symptoms reported by patients
and signs noted during physical examination guide clinicians in identifying subjects with knee OA2e4.
Pain is one of the most important symptoms reported by subjects with knee OA2,3. Although very
common, pain is a non-speciﬁc symptom, related to pathology in several structures within the knee joint,
and includes synovitis5, subchondral bone marrow lesions6, and joint effusion7. Further, pain is
a subjective symptom that cannot be directly measured or assessed during physical examination.
Crepitus or crepitation in association with arthritis is deﬁned as a crackling or grinding sound on joint
movement with a sensation in the joint. Crepitus may occur with or without pain and is a common
ﬁnding during physical examination in subjects with knee OA2e4,8,9.
It is not known whether crepitus is related to pathology in various structures within the knee. The aim
of our study was to determine the cross-sectional associations of structural pathologies within the knee
with crepitus in a population-based cohort with knee pain, using magnetic resonance imaging (MRI).
Subjects with knee pain were recruited as a random population sample, with crepitus assessed in each
compartment of the knee using a validated and standardized approach during physical examination10.
MRI of the knee was performed to assess cartilage morphology, meniscal morphology, osteophytes,
cruciate ligaments, and collateral ligaments. For both compartment-speciﬁc and whole-knee analyses,
a multiple logistic regression analysis was performed to assess the associations of MRI-detected struc-
tural pathology with crepitus, adjusting for potential confounders. Variables were selected by backwards
elimination within each compartment and in the overall knee models, and only statistically signiﬁcant
variables remained in the “selected” models; remaining variables in these models are adjusted for each
other. An increased risk for compartment-speciﬁc crepitus was associated with osteophytes at the
patellofemoral (PF) and lateral tibiofemoral (LTF) joints. Crepitus was associated with osteophytes and
medial collateral ligament (MCL) pathology at the medial tibiofemoral (MTF) compartment, but cartilage
damage was negatively associated with crepitus at this compartment. In the selected whole-knee model,
only meniscal tears were associated with an increased risk for general crepitus. Thus, it seems that
crepitus may be associated with pathology in several internal structures.
 2011 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.M.D. Crema, Department of
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Table I
Distribution of KL grade in the presence and absence of general crepitus. Chi-square
test with P < 0.0001
General
crepitus N
(Column %)*
KL grade N (Column %)y
0 1 2 3 4
Absent
75 (29.5%)
49 (46.4%) 16 (30.6%) 9 (18.4%) 1 (3.3%) 1 (4.0%)
Present
180 (70.5%)
56 (53.6%) 36 (69.4%) 40 (81.7%) 26 (96.7%) 21 (96.0%)
Total 255 105 52 49 27 22
* Percentages referred to a total of 255 knees.
y Percentages referred to the total of each KL grade; sample-weighted counts are
rounded.
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was described in detail previously4. A total of 255 eligible subjects
were ﬁnally enrolled in the study and completed all study
requirements. Inclusion required: (1) age 40e79 years; (2) pain,
aching or discomfort in or around the knee on most days of the
month at any time in the past; and (3) any pain, aching or
discomfort in or around the knee in the past 12 months. Inclusion
criteria 2 and 3 were based on a previous study by O’Reilly et al.11
Exclusion criteria were: (1) inﬂammatory arthritis or ﬁbro-
myalgia; (2) knee arthroplasty; (3) knee injury or surgery within
the past 6 months; (4) knee pain referred from hips or back; and (5)
inability to undergo MRI. The study was conducted in accordance
with the Declaration of Helsinki and was approved by the Clinical
Research Ethics Board, University of British Columbia. All subjects
provided written informed consent.
During the clinical visit, crepitus of the study knee was assessed
using a previously validated and standardized approach10: the
patient is supinewithmuscles relaxed, then the examiner ﬂexes and
extends the knee at least three times through a range of approxi-
mately 30e90 with the subject passively allowing the movement.
Crepitus was recorded as grade 0 ¼ none or a single snap or crack;
grade 1¼ ﬁne; and, grade 2¼ coarse. To assess general (whole-knee)
crepitus, the examiner cupped the knee anteriorly with one hand to
feel crepitus. To assess compartment-speciﬁc crepitus, the examiner
placed theﬁngertips of thepalpatinghandovereach compartmentof
the knee separately: PF,MTF, and LTF. Post-standardization reliability
coefﬁcients for crepitus assessment varied between 0.77 and 0.96.
Radiographs of the study knee were performed within a month
of the clinical visit using a ﬁxed-ﬂexion technique with the Syna-
Flexer positioning frame12 and a skyline view in the supine posi-
tion. Radiographs were scored blinded to clinical and MRI
information by two independent readers using the Kell-
greneLawrence (KL) 0e4 grading system13 with adjudication of
reading differences by consensus.
MRI assessments of the study knee were completed within
amonth of the clinical visit. MRIswere acquired on a General Electric
1.5 T magnet (General Electric Medical Systems, Milwaukee, WI)
using a transmitterereceiver extremity knee coil. The imaging
protocol included four MRI sequences: (1) Fat saturated (FS)
T1-weighted three-dimensional (3D) spoiled gradient echo (SPGR)
sagittal source images with reformation performed in the axial and
coronal; (2) Coronal T2-weighted FS fast spin echo (FSE); (3) Sagittal
oblique T1-weighted FSE; and (4) Sagittal oblique T2-weighted FSE.
MRIs were semiquantitatively assessed by a single musculo-
skeletal radiologist (AG), who was blinded to radiographic and
clinical information. Cartilage morphology was scored on a 0e4
scale in six joint areas (medial and lateral tibial plateaus and
femoral condyles, patella and trochlear groove), as previously
described by Disler et al.14: 0 ¼ normal; 1 ¼ abnormal signal
without a cartilage contour defect; 2 ¼ contour defect of <50%
cartilage thickness; 3 ¼ contour defect of 50e99% cartilage thick-
ness; and 4 ¼ 100% cartilage contour defect with subjacent bone
signal abnormality. Cartilage damage was deﬁned as grades 2, as
abnormal signal without a cartilage contour defect has demon-
strated limited sensitivity in detecting cartilage pathology15.
Meniscal morphology was scored on a 0e2 scale for both
menisci: 0 ¼ normal; 1 ¼ abnormal intrameniscal signal not
touching the articular surface; 2 ¼ abnormal intrameniscal signal
touching the articular surface on at least two slices. Meniscal tears
and maceration were considered as grade 2.
Osteophytes were scored on a 0e3 scale for each of the six joint
areas: 0¼ absence; 1¼ small, beak-like; 2¼ intermediate-size; and
3 ¼ proliferative or mushroom-like. As osteophytes with a grade 1
might be equivocal, osteophytes were considered present only
when deﬁnite osteophytes were seen (grade  2).Cruciate and collateral ligaments were scored on a 0e3 scale:
0 ¼ normal; 1 ¼ partial tear; 2 ¼ complete tear; and 3 ¼ calciﬁca-
tion/ossiﬁcation. Cruciate/collateral ligament pathology was
considered as grades 1.
Intra-reader reliability (intraclass correlation) for the assessed
MRI features was: 0.84e1.0 for cartilage morphology, 0.75 for
medial and 0.74 for lateral meniscal morphology, 0.62e0.81 for
osteophytes, 0.70 for cruciate ligament morphology, and 0.28 for
MCL morphology.
The presence of crepitus (grade  1) was considered the
outcome when evaluating the whole-knee model, as well as the
compartment-speciﬁc models. Factors considered for general
crepitus (whole-knee model) were: any cartilage damage in any
compartment, any (medial or lateral) meniscal tear, any deﬁnite
osteophyte in any compartment, any cruciate (anterior or posterior)
ligament pathology, and any collateral (medial e MCL or lateral e
LCL) ligament pathology.
Factors considered for MTF crepitus were: any MTF cartilage
damage, anymedialmeniscal tear, anyMTF deﬁnite osteophyte, and
any MCL pathology. Factors considered for LTF crepitus were: any
LTF cartilage damage, any lateral meniscal tear, and any LTF deﬁnite
osteophyte [lateral collateral ligament (LCL) pathology was omitted
due to no subjects with this factor]. Factors considered for PF crep-
itus were any PF cartilage damage and any deﬁnite PF osteophyte.
The absence of those factors (for general and each of the
compartment-speciﬁc analyses) was considered as the reference
group. The associations were measured using multiple logistic
regressions, with all covariates entered into themodel when testing
eachMRI factor initially. Backwards elimination at alpha¼ 0.05 was
used to reduce the models. All of the remaining variables in the
selected models for each compartment and in the overall joint
model were statistically signiﬁcant. In addition, adjustments were
made in all intermediate and ﬁnal selected models for age, gender,
and bodymass index (BMI). Further, a chi-square testwas applied to
assess the relationship between KL grade and general crepitus.
A total of 255 knees (one knee per person) were included in the
analysis. Subjects’weightedmean (standard deviatione SD) agewas
56.8 years (10.4), with a mean BMI (SD; range) of 26.5 (4.9;
18.1e49.6). Further, 56.3% of subjects were women (weighted
n ¼ 143.7), and 38.4% had tibiofemoral radiographic OA (KL
grade  2) at baseline (weighted n ¼ 98.0). We found a signiﬁcant
association between the KL grade and general crepitus (Table I). The
higher the KL grade, the higher the frequency of general crepitus
(P < 0.0001). The distribution of crepitus and potential factors
considered for whole-knee and compartment-speciﬁc models is
displayed inTable II. Regarding the severityof cartilage damage in the
MTF, 96 (roundedweighted count) knees had grade 2 (37.7%), 50 had
grade 3 (19.4%), and 32 had grade 4 (12.7%). In the LTF, 80 knees had
grade 2 (31.3%), 39 knees had grade 3 (15.1%), and 32 had grade 4
(12.7%). In the PF, 73 knees had grade 2 (28.7%), 75 had grade 3
(29.6%), and 30 had grade 4 (11.9%). In the selected whole-knee
Table II
Presence of crepitus, cartilage damage, osteophytes, meniscal pathology and
ligament pathology when assessing the whole knee (general) and each compart-
ment separately. Weighted n (%)
General MTF LTF PF
Presence of crepitus 180 (70.5%) 44 (17.3%) 48 (18.7%) 173 (67.9%)
Cartilage damage 221 (86.5%) 178 (69.8%) 151 (59.1%) 179 (70.1%)
Osteophytes 133 (52.0%) 95 (37.1%) 90 (35.3%) 102 (39.9%)
Medial meniscal
damage
111 (43.7%) 95 (37.3%) e e
Lateral meniscal
damage
e 30 (11.9%) e
Cruciate pathology 23 (9.2%) e e e
MCL pathology 48 (18.7%) 48 (18.7%) e e
LCL pathology 0 (0%) e 0 (0%) e
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general crepitus,with anodds ratio (OR) of 3.4. In the compartmental
assessment, an increased risk for crepitus was observed for osteo-
phytes at the PF (OR 2.4) and LTF (OR 2.7). Crepitus was associated
with osteophytes (OR 2.7) and MCL (OR 2.6) at the MTF. In the
selectedmodel,MTF cartilagedamagedemonstratedadecreased risk
for MTF crepitus, with an OR of 0.3. The ORs and 95% conﬁdence
intervals for each factor considered are displayed in Table III.
Knee crepitus is a common ﬁnding at physical examination, is
widely accepted as a sign of knee OA4,8,9, and is a diagnostic criterion
in the United States and Europe2,3. Previous works attempted to
demonstrate the relationship of crepitus in the knee with the pres-
ence of chondral lesions. Ike et al.8 showed that bony crepitus in the
tibiawas 54% sensitive and 100% speciﬁc for tibial bare bone, and 88%
sensitive and 100% speciﬁc for bone-to-bone,with arthroscopy as the
reference standard. Our study showed a signiﬁcant association
between the KL grade and the presence of general crepitus. Higher KL
grades might be associated with crepitus due to osseous surfaces
rubbing against each other during ﬂexion and extension. However,
higher KL grades with marked joint space narrowing usually occur
with extensive cartilage and meniscal pathology16, which may be
responsible for crepitus. In our study, meniscal damage was signiﬁ-
cantly associated with general crepitus. Furthermore, higher KL
grades occur with marked osteophytes, which in our study was
associated with crepitus in all compartments of the knee joint.
Osteophytes may lead to crepitus by rubbing against overlying
tissue (including ligaments and joint capsule) or underlying carti-
lage and bone. However, we cannot address such hypotheses with
our dataset. In another study, Jiang et al.9 demonstrated that PF
crepitus quantiﬁed using vibration arthrometry had 97.2% sensi-
tivity and 88.2% speciﬁcity in the detection of chondral lesions with
arthroscopy as the reference standard. We assessed the associa-
tions of cartilage damage in the knee with crepitus rather than
evaluating the diagnostic performance of crepitus. Using multipleTable III
Associations (selectedmodel*; 95% conﬁdence intervals; P-values) of structural pathology
separately. No lateral collateral pathology was found in the study sample
General MTF
Cartilage damage 0.9 (0.4, 2.0) P ¼ 0.75 0.3 (0.1, 0.9)
Osteophytes 1.8 (0.9, 3.6) P ¼ 0.10 2.7 (1.2, 6.1)
Medial meniscal damage 3.4 (1.7, 6.7) P < 0.001* 1.9 (0.8, 4.5)
Lateral meniscal damage e
Cruciate pathology 3.0 (0.6, 16.2) P ¼ 0.21 e
MCL pathology 1.0 (0.4, 2.4) P ¼ 1.0 2.6 (1.2, 6.0)
Adjusted models; variables considered in each model were:
General: age, gender, BMI, any cartilage damage in any compartment, medial/lateral meni
collateral ligament pathology.
MTF: age, gender, BMI, MTF cartilage damage, medial meniscal damage, MCL pathology,
LTF: age, gender, BMI, LTF cartilage damage, lateral meniscal damage, and LTF osteophy
PF: age, gender, BMI, PF cartilage damage, and PF osteophytes.logistic regression models, we were able to consider several
potential factors that might be associated with crepitus in the knee.
In contrast with previous studies, we could not demonstrate in
multivariable adjusted models that cartilage damage is associated
with an increased risk of crepitus in the knee. This may be due to
the fact that previous studies had a higher prevalence of knee OA.
Also, those studies did not assess the association of cartilage
damage with crepitus with adjustments for other factors that
might lead to crepitus, such as osteophytes, meniscal damage, and
ligament pathology. In our study sample, cartilage damage was
signiﬁcantly associated with PF and LTF crepitus in unadjusted
models (data not shown). Unexpectedly, our results showed that
MTF cartilage damage was associated with a decreased risk of
crepitus in the MTF joint in the adjusted model. However, the
association was not signiﬁcant in the unadjusted model.
Some limitations to our study need mentioning. First, no addi-
tionalmethod of assessment, such as arthroscopy,was performed to
evaluate pathology in the different structures assessed by MRI.
Second, other internal structures that could be related to crepitus
such as tendons, bursae, and joint capsule were not assessed in our
study. Third, only a small number of subjects had lateral meniscal
tears, and none had LCL pathology, and the effect of such factors
could not be tested. Also, the intraclass correlation for MCL
morphology readings was rather low. Fourth, because of the low
prevalence of full-thickness cartilage loss in our sample, we
dichotomized cartilage damage as present or absent in the analysis.
This may have introduced bias since we were not able to assess
different degrees of cartilage damage and their association with
crepitus. Finally, one could argue that our results may not be accu-
rately extrapolated to asymptomatic and young people (under 40).
To the best of our knowledge, this is the ﬁrst study to assess the
association of pathology in several speciﬁc structures in the knee
with crepitus. We demonstrated that pathology in these structures
including meniscal tears, MCL pathology and osteophytes was
signiﬁcantly associated with crepitus in the knee, even after
adjustment for potential confounders. We conclude that the pres-
ence of crepitus, in itself, is not helpful in detecting tissue-speciﬁc
pathology that could be targeted during management of subjects
with knee pain.
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